• AIM: To assess and compare the impact of a daily disposable contact lens (CL) with high water content on the ocular surface and comfort of the presbyopic and nonpresbyopic population after one day of use.
INTRODUCTION
P resbyopia affects people from the fifth decade of life on. With increasing longevity, most people can expect to spend almost half their lives as presbyopes. It has been reported that presbyopes prefer contact lens (CL) correction when good vision and comfort can be achieved [1] . However, although the number of presbyopes using CL has experienced significant growth in recent years, for various reasons, attempts to take advantage of this opportunity have so far enjoyed only limited success [2] [3] [4] [5] . International surveys of CL prescribing for presbyopes reveal that CL fittings are much less frequent in older age groups. These data show that many CL wearers stop using their CLs at the onset of presbyopia. Discomfort is one of the major issues related to CL wear dropout [6] . Numerous factors have been identified as having an impact on CL comfort, which can be classified into the CL itself (material, design, lens interaction) and environmental (inherent patients' factors, ocular environmental, external environmental) [6] . It is interesting to note that ocular changes reported as age-dependent such as a decreased number of meibomian glands, a decreased lacrimal production and tear stability may all influence the success of CL wear [7] .
Despite these physiological differences between the older and younger population, CL materials, surface treatment, lens edge design etc. are the same for presbyopes and the younger population. Considering that: 1) the modality of CL interaction (material and design) with patients' inherent ocular surface characteristics is a key factor for comfort; 2) CL discomfort is one of the major issues related to CL wear dropout [6] , it would
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Int J Ophthalmol, Vol. 12, No. 4, Apr.18, 2019 www.ijo.cn Tel: 8629-82245172 8629-82210956 Email: ijopress@163.com be interesting to explore and compare CL and ocular surface interaction in the presbyopic and non-presbyopic populations. A recent study [8] showed that a daily disposable soft hydrogel CL did not impact significantly on the tear film and minimized ocular complications in first-time young wearers. The aim of this work was to assess and compare the interaction between a daily disposable CL and the ocular surface in a presbyopic and non-presbyopic population, and evaluate CL comfort after one day of use. Optical quality for two different additions for multifocal CLs was also compared while these lenses were being used.
SUBJECTS AND METHODS Ethical Approval
The study protocol adhered to the tenets of the Declaration of Helsinki. Informed consent was obtained from all patients after the purpose and the possible consequences of the study had been explained to them. This prospective study was carried out with a total sample of 50 eyes of 20 presbyopic subjects (12 (horizontal coma) and Z(4, 0) (spherical aberration) were assessed in subjects when wearing the CLs. These aberration patterns were assessed for a pupil size of 4.5 mm.
Subjective comfort assessment
The visual analogue scale is a psychometric response scale, which can be used in questionnaires. It is a measurement instrument for subjective characteristics or attitudes that cannot be directly measured. Tear film osmolarity was measured before CL insertion (baseline) and after 20min and 8h of wear. CL thickness was measured after 20min and 8h of wear. Corneal central thickness and corneal volume were assessed before and after the lens was removed. The remaining measurements were taken before CL insertion, after 20min and 8h of wear and after the lens was removed. With the exception of osmolarity, each parameter was measured three times per eye and per device. Changes in the cornea or in the CL after one day of use could induce changes in the optical quality of the eye-lens system. For this reason, variations in wavefront aberrations of the patients were assessed and compared when wearing the CL under analysis (monofocal CL, multifocal CL low addition and multifocal CL high addition). For the comparison between presbyopes and non-presbyopes, only one eye of each patient was considered in random order. Data Analysis Statistical analyses were performed using SAS software, version 9.4 (SAS Institute, Inc., Cary, NC, USA). Normality of the data distribution was tested using the Kolmogorov-Smirnov test. The ANOVA test and KruskalWallis test were used for comparisons between groups. When statistically significant differences were found, post hoc tests were performed for multiple comparisons (Tukey's HSD).
Values are expressed as mean±standard deviation (SD) and the significance level was set at P<0.05. RESULTS Tables 1 and 2 provide descriptive statistics for tear film osmolarity (measured at baseline, 20min and 8h after CL wear), tear meniscus height, bulbar redness, first break-up of the tear film and the average time of all tear film break-up incidents (measured at baseline, 20min, 8h after CL wear and after CL removal) for non-presbyopes and presbyopes, respectively. In non-presbyopes, no differences were found for any of the ocular parameters analyzed as a factor of time (Table 1) . In presbyopes, tear film osmolarity, bulbar redness and the average time of all tear film break-up incidents were not found to be significantly different as a factor of time. First breakup of the tear film and tear meniscus height measurements were found to be significantly different (P=0.038; P=0.007 respectively). Post hoc comparisons between each of the time points revealed significant decrease for first break-up of the tear film between baseline and 8h after CL wear and 20min and 8h after CL wear (P=0.034; P=0.029, respectively). The same analysis revealed a significant decrease for tear meniscus height between baseline and 20min and baseline and 8h of CL wear (P=0.02; P=0.014, respectively). Figure 1 shows central CL thickness values measured 20min and 8h after lens insertion. The thickness of the lens did not change as a factor of time in any group (P=0.321 nonpresbyopes; P=0.356 presbyopes). Multifocal lens was thicker than monofocal lens (P=0.045 at 20min; P=0.006 at 8h). Figure 2 shows data from central corneal thickness ( Figure  2A ) and corneal volume ( Figure 2B ) for non-presbyopes and presbyopes at baseline and after CL was removed. No changes were found as a factor of the time in any of the groups analyzed. Wavefront aberrations were analyzed in order to assess the optical quality of the ocular surface. Figure 3 shows the results obtained for RMS of HOAs, horizontal and vertical coma, and spherical aberrations for each of the CL analyzed. Analysis of the results revealed no significant variations in the RMS of HOAs, horizontal and vertical coma for any of the lenses as a factor of time. Spherical aberration decreased significantly after CL insertion (P=0.031 monofocal CL; P=0.023 low addition multifocal CL; P=0.016 high addition multifocal CL) and kept stable during wear for all lenses. After removal, previous spherical aberration values were achieved for the three CLs. Figure 4 shows the results obtained for the visual analogue scale questionnaire for comfort ( Figure 4A ) and dryness ( Figure 4B ) for non-presbyopes and presbyopes. Statistically significant differences were found in dryness during CL wear for both groups (P=0.020; P=0.015 respectively). Comparison between both questionnaire results were statistically different (P=0.002). Post hoc comparisons revealed a significant decrease in comfort after 8h of CL wear for presbyopes (P=0.003). DISCUSSION It is very well known that CL prescribing is much less frequent for the presbyopic population. Considering that discomfort is one of the major issues related to CL wear dropout [6] , in the present study, the interaction between CL and ocular surface of a daily disposable CL on a group of presbyopes was analyzed, as well as the comfort during a day of use. Nesofilcon A was the material selected for this study. It is a new material developed with the aim of reducing discontinuation rates as it is made with high water content and an internal surfactant that prevents dehydration. It has been proven [8] not to significantly impact the tear film layer and ocular surface when this CL was fitted in a younger population. Since the same material is used to manufacture center-near aspheric multifocal CLs for presbyopes, this study was performed to analyze the integrity of the ocular surface when this multifocal CL was fitted in a presbyopic population for one day of use. An increased tear film osmolarity has been related to the pathophysiology of dry eye disease [9] and several studies maintain the usefulness of tear film osmolarity for diagnosis and severity grading [9] . It is widely reported that CL use could induce dryness symptoms, while various studies have related CL use to low or moderate variations in tear osmolarity [10] [11] . This is why tear film osmolarity changes were analyzed at baseline, 20min and 8h after insertion fitting. It should be noted that the achieved results showed no differences in tear osmolarity for any of the two lenses as a function of time, suggesting that these daily disposable CLs may not induce changes in the ocular surface during one day of wearing, and do not impact homeostasis significantly. This result agrees with the study performed by Ruíz-Alcocer et al [8] with a younger population. On the other hand, it is interesting to note that the tear film osmolarity in the presbyopic group was higher than in non-presbyopes. Although this parameter was stable during CL use, this finding highlights the fact that the ocular surface integrity in presbyopes is different from that in younger people. It could explain why the interaction between the CL material and comfort could be different in young and presbyopic people.
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For both groups, a reduction in the tear meniscus height was found after CL insertion (not significantly for non-presbyopes). This result agrees with previous studies, which found a tear meniscus height decrease after CL insertion, especially with high water content CL [12] . This fact can be explained because in the normal tear system, the tear drainage system maintains a dynamic balance so that the tear volume sustains a relatively steady state and keeps the ocular surface wet [13] . Palakuru et al [14] [15] have reported that the lower tear meniscus may regulate the tear drainage system. It may be possible that an increase in tear secretion by the lacrimal gland, contributing to the increase of tear meniscus height, could compensate for dehydration or increased evaporation with CL wear. However, the decrease in corneal sensitivity with CL wear [16] may lead to a reduction in tear secretion through the reflex sensory loop [17] . Therefore, even when greater evaporation occurs with high water content CL wear in the setting of a dehydrated surface, a decrease in corneal sensitivity can result in a decrease of tear meniscus height. Furthermore, a reduction in the amount of tear meniscus that could be related to discomfort has been suggested by some authors [18] . In the present study, reductions in tear meniscus height after 20min and 8h of use were found in multifocal CL while tear meniscus height in monofocal CL group seemed to be stable. These findings agree with Del Águila-Carrasco et al [18] results so the reduction in tear meniscus height can be associated with discomfort in patients fitted with multifocal CLs as discussed later. Other types of material with different water content, thickness or composition such as silicone hydrogel could affect the cornea differently, improving the comfort in the presbyopic population.
In the present study, corneal volume remained stable during the period of study. Only a slight increase (not significant) was observed for monofocal and multifocal CL during wear. These results agree with other studies [18] performed with monofocal CL and different materials.
Despite the findings showing no significant increase in bulbar redness related to time or group after one day of use, nesofilcon A might affect the ocular surface as some studies have found an increase in bulbar redness after two months of CL wear [19] . A previous study [20] showed that break-up of the tear film measurements can be used as an interesting tool in the assessment of pre-corneal and pre-lens tear film quality for prescribing CLs. For this reason, measurements of the first and mean break-up of the tear film for presbyopes and nonpresbyopes were taken. In the present study, no differences before CL insertion were found in these values between both groups. Also, average time of all tear film breakup remained stable during the day of use for both groups. Post hoc comparisons for first break-up of the tear film revealed a significant decrease between baseline and 8h after CL wear and 20min and 8h after CL wear (P=0.034; P=0.029, respectively) for the presbyopic population. After CL removal, previous values in first break-up of the tear film were recovered. Regarding CL behavior during wear, the thickness of soft CL can vary during one day of use due to dehydration or interaction with the tear film. In the present study, no changes in CL thickness were found for any CL or time of use. A recent study [21] evaluated the surface water characteristics of nesofilcon A and other CL materials. In relation to nesofilcon A, the authors concluded that nesofilcon A maintained its water content both at the time of insertion and after 15min of wear. This could explain why the lens made with nesofilcon A maintained its thickness after 20min and 8h of use. Future studies could analyze dehydration to see if lens thickness remains stable over a longer period with monofocal and multifocal CL.
In this regard, the results show that multifocal CLs are thicker than monofocal CL (Figure 2 ). This change in the CL [22] . However, no changes in central corneal thickness were found during the period of study for any of the CLs studied. These results agree with the study by Ruíz-Alcocer et al [8] in monofocal CLs. So, the central lens thickness difference between lenses was not enough to affect the central corneal thickness during the wear of any of the CL considered.
Therefore, it could suggest that the material allows sufficient oxygen to the cornea to avoid complications such as corneal swelling during the period of study regardless of the design of
CLs.
In this study, no statistically significant variations were noted for coma-like and RMS of HOAs at any time for each of CLs considered. Spherical aberration decreased significantly after CL insertion for the three CLs (P=0.031 monofocal CL;
P=0.023 low addition multifocal CL; P=0.016 high addition multifocal CL) and remained stable during wear for all lenses.
These results are expected due to the design of each CL [23] [24] [25] [26] . After removal, previous spherical aberration values were achieved for the three CLs. If an increase in optical aberrations had been found, blurred vision associated with tear film instability would have manifested [27] [28] [29] . Thus, these lenses seem to maintain tear film optical quality after 8h of wear regardless of the design of CLs fitted and the addition chosen for the multifocal CL.
It has been proved [1] that one of the most important facts that affect multifocal CL wear is comfort. In the present study, the level of comfort of the CL was measured with the visual analogue scale. Presbyopes reported lower comfort than nonpresbyopes ( Figure 4 ). This loss of comfort can affect the CL dropout [6, 30] in presbyopic patients. Ocular surface differences between non-presbyopic and presbyopic patients as a recent study by Rico-del-Viejo et al [7] suggests and the difference in CL thickness between monofocal and multifocal CLs manufactured with the same material seem to be the most important factors explaining this situation.
In conclusion, the behaviour of daily disposable CL made with nesofilcon A hydrogel seemed to be stable during the day of use. The ocular parameters measured during the wearing showed that CL behavior was the same for presbyopes and non-presbyopes, being more uncomfortable for presbyopes.
Future studies should be directed on the use of new materials that take into account the differences in the ocular surface between presbyopes and non-presbyopes.
